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Rats fed diets deficient in essential fatty acids (EF A) 
develop severe scaling in the skin, histologically char-
acterized by acanthosis of the epidermis and hyperker-
atosis. Epidermal cell proliferation kinetics in the EF A-
deficient rat were studied as a potential animal model 
for human diseases of epidermal hyperplasia. 
EFA deficient rats were injected IP with tritiated thy-
midine eH-TdR). Serial punch biopsies from dorsal skin 
were obtained 1-30 hr after 3H-TdR administration and 
processed by standard autoradiographic techniques. A 
composite percent labeled mitoses (PLM) curve was ob-
tained by plotting the mean ratio oflabeled mitoses/total 
mitoses at each time interval. The mitotic index was 
1.0%. The labeling index determined 1 hr after 3H-TdR 
injection was 11.2%. From these data the total germina-
tive cell cycle was calculated to be 67 hr with the dura~ 
tion of the cell cycle phases: S, 7.5 hr; Gz, 4.5 hr; M, 0.7 
hr; and G1o 54.3 hr. The transit time for labeled basal 
cells to proceed from the basal layer to the uppermost 
stratum granulosum was 2 days. In normal control rats 
the labeling index was 2.2% and the transit time 6 days, 
reflecting much slower epidermal proliferation than in 
the EF A deficient rat. 
The similar kinetic characteristics of enhanced epider~ 
mal proliferative activity, rapid cell cycle and transit 
time, suggest that the EF A~deficient rat model may be 
suitable for examination of various problems relating to 
the chemotherapy of psoriasis and other hyperprolifer-
ative skin conditions. 
Essential fatty acid deficiency has been described in several 
species including man [1,2]. Rats, mice, dogs and pigs fed 
essential fatty acid (EF A) deficient diets develop severe scaly 
lesions in the skin [3]. In rats these cutaneous lesions are 
characterized by acanthosis of the epidermis, increased mitotic 
activity and DNA synthesis in the basal layer, and a thickening 
of the stratum corneum (4). The following investigation was 
undertaken to study the kinetic parameters of epidermal cell 
proliferation in the EF A deficient rat, to establish this as a 
possible animal model for human diseases of epidermal hyper-
plasia. 
MATERIALS AND METHODS 
Induction of EFA Deficiency in Rats 
Mate weanling Sprague-Dawley rats 15-20 days old and weighing 
28-36 gm were used for the induction of EFA deficiency. The experi-
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Abbreviation: 
EFA: essential fatty acids 
mental EFA deficient animals were fed, ad lib, a basal diet supple-
mented with hydrogenated coconut oil, as previously described [5]. The 
diet of control animals was supplemented with safflower oil. Constitu-
ents of the basal diet were vitamin-test casein, salt mix (Wesson 
modification), and sucrose, purchased from General Biochemicals, and 
vitamin diet fortification mixture and cellulose, purchased from Nutri-
tional Biochemicals. Hydrogenated coconut oil and safflower oil were 
obtained fTom General Biochemicals and Nutritional Biochemicals, 
respectively. The animals were kept in individual cages in a room with 
controlled humidity and temperature [6]. Signs of EFA deficiency 
appeared after 6-8 weeks, with maximum severi ty in scaliness after 12 
weeks. Animals used for the kinetic investigations were 12-16 weeks of 
age. 
Cell Cycle Kinetic Study 
Three EFA deficient rats (16 weeks) were injected IP with a single 
pulse of thymidine (methyl-"H) (specific activity 20 Ci/mmole, New 
England Nuclear) at 4f.!Ci/gram body weight. At various time in tervals 
between 1 hr and 30 hr a 4-mm punch dorsal skin biopsy was taken 
from each animal and fixed in Bou in 's solution. The fixed specimens 
were sectioned to a th ickness of 6 1-1 and processed for autoradiography, 
exposed for 1 week, developed and stained [7]. The techniques of 
autoradiographic cell cycle analysis used have been previously de-
scribed for the study of epidermal kinetics from normal and diseased 
human skin [8]. 
In this study only the basal layer was considered in the counting of 
both mitoses and labeled cells. The composite percent labeled mitoses 
curve is obtained by plotting the mean ratio of labeled mitoses/total 
mitoses at each time interval (Fig 1). The vertical bars represent the 
standard error of the mean for 3 animals. The total number of mitoses 
coun ted for each interval ranged from 33 to 170 with an average of 92. 
The cell cycle is analyzed according to the method of Quastler [9). The 
duration of DNA synthesis (Ts) is calculated from the interval between 
the 37% points on the ascending and descending limbs of the cu1·ve. 
The premitotic period (Tg2) represents the time between the beginning 
of the pulse thymidine - 3H injection to ~he point of 37% labeled mitoses 
on the ascending limb of the curve. The duration of the cell cycle (Tgc) 
is determined by the relation: 
Ns = Ngc 
Ts Tgc 
(1) 
Where Ns = number of ce lls in S phase; Ts = duration of S phase; 
Ngc = total number of germinative cells. This is based on the assump-
tion that 100% are cycling, i.e., are in the proliferative pool (10,11); Tgc 
= duration of entire germinative cell cycle. 
The labeling index was determined by counting the number of 
labeled cells (Ns) in the single basal layer of interfollicular epidermis 1 
hr after thymidine-"H administration, where: 
Ns 
-N = labeling index (L.I.) (2) gc 
The duration of mitosis (Tm) is determined by the relationship: 
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Ns Nm 
- = - or 
Ts Tm 
Nm 
Tm= - x Ts 
Ns 
(3) 
where Nm = number of cells in mitosis; Tm = duration of mitotic 
period. The ratio Nm/Ns is obtained by dividing the mitotic index (# 
of basal mitoses per 100 basal cells) by the labeling index, both of which 
are obtained by direct count. The post mitotic phase (Gl) is calculated 
as the difference between Tgc and the sum ofTs~, Tg2, and Tm. 
Transit Time 
Three EPA-deficient rats and 3 controls (12 weeks) were injected i.p. 
with thymidine-3H (2 1-1Ci!gram body weight). At vru·ious time inter-
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vals, 4 hr and daily for 7 days, a 4-mm ventral skin biopsy was taken, 
fixed in Bouins solu tion and autoradiographs exposed for 6 weeks. 
RESULTS 
Germinative Cell Cycle 
The composite cmve of the mean percentage of mitosis 
labeled at each time interval is shown in Fig 1. The dmation of 
the DNA synthesis period (S phase), representing the distance 
between the 37% points on the CUl've is 7.5 hr. The mean 
premitotic period, G2, from the cmve is 4.5 hr. The mean 
labeling index in EF A rat epidermis determined 1 hr after 
tritiated thymidine injection is 11.2% and in the normal control 
rat epidermis, 2.2% (Table 1). The autoradiographs in Fig 2 
show the tritium labeled basal cells 1 hr after a pulse of tritiated 
thymidine in normal and EFA-deficient rat epidermis. Using 
equation 1, the dmation of the germinative cell cycle in EFA 
rat epidermis is calculated to be 67 hr (Table II) . From equation 
(3) the duration of mitosis is calculated to be 0.7 hr (Table II). 
The mitotic index in EF A-deficient rat epidermis is 1.0% (Table 
I) compared to 0.6% in normal control epidermis. From the 
values in Table II for the germinative cell cycle and its com-
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FIG 1. Percent labeled mitoses versus time in EFA deficient rat 
epidermis after pulse inj ection of tritiated thymidine. 
TABLE I. Labeling and mitotic indices of normal and EFA-deficient 
rats 
Normal rat 
EFA-deficient 
Labeling index ± (SO) 
2.2 ± 0.6 
11.2 ± 2.0 
Mitotic index ± 
(SO) 
0.6 ± .4 
1.0 ± .7 
TABLE II. Summary of the values for the germinative cell cycle and 
its component .parts in · EFA -deficient rat epidermis 
Cell cyc le phase 
"G.C.C. = total germinative cell cycle. 
Duration (hr) 
7.5 
4.5 
0.7 
54 .3 
67.0 
ponent parts, the dmation of G~, the postmitotic period, was 
calculated to be 54.3 hr. 
Transit Time 
The "minimum" transit time of the basal cell through the 
viable differentiated compartment in rat epidermis was deter-
mined by measuring the migration time of the labeled cells to 
proceed from the basal layer to the uppermost stratum granu-
losum. The transit time through the viable differentiated com-
partment in the EF A deficient rat epidermis was 2 days and in 
the control rat, 6 days. 
DISCUSSION 
The present study of epidermal cell proliferation kinetics of 
the EF A-deficient rat indicate a germinative cell hyperplasia 
leading to an increased transit rate through the skin. There 
have been no studies reported on the germinative cell cycle in 
normal rat epidermis, however, the increased labeling index 
and mitotic index of the EF A-deficient rat epidermis indicate 
that this is a hyperproliferative tissue compared to normal. A 
primary factor in the pathogenesis of the human scaly derma-
toses, psoriasis [8,12) and lamellar ichthyosis [13,14) likewise is 
epidermal hyperplasia and increased transit rate through the 
epidermis. There are no known diseases in animals comparable 
to psoriasis or lamellar ichythosis. Since the etiology of these 
human diseases is not known these diseased states cannot be 
induced in animals. However, various experimental approaches, 
using ultraviolet light [15] retinoic acid [16] scotch tape strip-
ping and wound healing [17) have been employed to induce 
epidermal hyperplasia to develop an animal model for these 
FIG 2. Autoradiographs one hour after injection of tritiated thymi-
dine: (A) normal rat epidermis; (B) EFA-deficient rat epidermis (re-
duced from x 400). 
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TABLE III. Comparison of the values for the germinative cell cycle and its component parts in EPA -deficient rat epidermis with normal and 
psoriatic human epidermis using correction factor of 1.4 
Epidermis Ll (%) S (h r) G, (hr) 
EFA-deficient rat 15.7 7.5 4.5 
Normal rat 3.0 
Psoriatic human 22:7 8.5 4.0 
Normal human 3.5 16 6-8 
hyperproliferative diseases. Alth ough these techniques do pro-
duce increases in mitotic activity and DNA synthesis, t hese 
increases in cell proliferation are usually delayed responses to 
epidermal injury and are of limited dura tion . The dietary 
induced deficiency of essent ial fatty acids, on the other hand, 
produces a chronic lesion of increased cellular proliferation 
[ 4]. T his chronic state of epidermal hyperplasia is more com-
parable to that in psoriasis and la mellar ich thyosis and would 
better fulfill the cell kinetic requirements of an a nimal model 
fo r th ese diseases. 
M a ny of the param eters of cellular proliferation in th e EF A-
deficient epidermis are compara ble to those previously reported 
for psoriasis [8]. In T able III we have compared th e values for 
the cell cycle a nd its component par ts in EF A deficient epider-
mis with those reported by Weinstein a nd Frost for normal a nd 
psoriatic epidermis. In this ta ble the values reported in T a ble 
II h ave been recalculated using the correction factor of 1.4 to 
correct the la beling index (1.4 X observed L.I. =true L .I.). This 
correction factor was used by Weinstein and Frost [8] to com-
pensate for the weak energy emission of tri tium in the a utora -
diogra phs. T here is a similarity in th e germinative cell cycle 
length of the EFA deficient epidermis of 47 .8 hr a nd the 
psoriatic epidermis of 37.5 hr. There is also a similarity in the 
duration of the various phases of cell cycle . The tra nsit time of 
basal epidermal cells through the viable differentiated com-
part men t of th e epidermis in psoriasis of 2 days is t he same as 
in th e E F A deficient epidermis. The normal skin tra nsit times 
in human and rat are both prolonged respectively to 12 a nd 6 
days. 
Previous studies have indicated similar alterations in the 
biochemical propert ies in EF A deficient rat a nd psoria tic epi-
dermis. Compared to normal skin, both tissues exhibi t increased 
carbohydrate metabolism of the pen tose cycle pathway [18,19] 
as well as in increase in lipid syn th esis [18,20]. B oth tissues 
have a n increased capa bility, compa red to normal, to meta bolize 
prostagla ndin E 2 to prostaglandin F2cx by 9-ketoreductase [21]. 
Both tissues have been reported to have a decreased adenyl 
cyclase activity [22] • . It has been suggested t hat this enzyme is 
involved in the control of epidermal proliferation[22]. 
T here are also cer tain similarities of the EF A deficient epi-
dermis to the huma n scaly derma tosis, la mellar ich thyosis. 
Lam ellar ich thyosis, like E FA-deficiency, is characterized by 
severe scaling, acan thosis of the epidermis and stratum corneum 
[13], increased mitotic activi ty and DNA synthesis in the basal 
epidermal cells a nd a n increased tran sit rate of the basal cell 
through the epidermis [14]. Data is not presently availa ble on 
the germinat ive cell cycle in lamellar ichthyosis to m a ke a 
comparison with th at of EF A deficient epidermis. 
The development of the scaling derma tosis in psoriasis, la -
mellar ich thyosis a nd EF A deficiency may be due to different 
etiologies. H owever , the similar hyperprolifera tive cell kinetic 
characteristics described in the present study suggests that the 
EF A deficient ra t model may be suitable for exa mination of the 
bioch emical factors relating to the pa thogenesis of human dis-
eases of epidermal hyperplasia. In addition, this animal model 
may be of value for th e evalua tion of both topical and systemic 
therapy for hyp erprolifera tive skin conditions. 
• Ziboh VA, unpublished observations. 
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